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ABSTRACT 


This  project  investigates  the  adaptability  of  an  analytical 
evaluation  method  developed  by  J.  S.  Arnold  of  Stanford  Research 
Institute  1*»  2.  to  automatic  data  processing  systems  techniques 
for  prediction  of  combined  environments  interaction  affects. 

Laboratory  teats  were  performed  on  some  typical  environmental 
combinations  and  results  were  compared  with  the  ADPS  predictions  for 
the  same  environmental  combinations. 

For  the  test  items  selected,  the  experimental  results  showed 
substantial  agreement  with  the  analysis  and  predictions  from  the 
computer . 


1.  SYNERGISTIC  EFFECTS  IN  COMBINED  ENVIRONMENTS  TESTING,  by 
Mr.  J.  S.  Arnold,  Stanford  Research. Institute 
.  EFFECTS  OF  COMBINED  ENVIRONMENTS,  by  Mr.  J.  S.  Arnold, 
Stanford  Research  Institute 
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GLOSSARY  OF  TERMS  AND  DEFINITIONS 


Test  Unit  (TU) 

The  smallest  part  of  a  complex  sxschanism  upon  which  any  of  the 
environmental  factors  have  a  significant  effect. 


Simple  Environmental  Factor*  (SEF) 

The  physical  attributes  of  the  real  environment  that  directly  act 
upon  the  state  of  a  test  unit. 


Simple  Unit  Parameters  (SUP) 

Those  states  of  the  test  unit  in  which  variations  can  be  expected 
as  the  result  of  the  forcing  influences  of  the  environment  factor. 


Electro-Magnetic  State  (EM) 

The  electric  and  magnetic  conditions  that  exist  in  the  TU,  which 
may  be  either  steady  or  fluctuating.  Variables:  voltage,  current, 
magnetic  flux,  inductance,  resistance,  capacitance,  field  strength, 
hysteresis . 


Strain  State  (STN) 

The  deformation  produced  by  the  stresses  to  which  the  TU  is 
subjected,  including  the  effects  of  internal  stresses.  Variables: 
deformation,  shape,  dimensions,  compression,  extension,  distortion, 
expansion. 

Elastic  State  (ELAS) 

Includes  the  behavior  properties  of  tta®  TU  with  respect  to  deformation 
under  steady  or  cyclic  forces.  Variables;  Young’s  modulus,  bulk  modulus, 
loss,  complex  elastic  modulus,  spring  constant,  damping,  shear  modulus. 

Chemical  State  (CHEM) 

The  reactions  include  the  slow  ones  of  normal  aging  as  well  as  the 
fast  ones  that  describe  the  operation  of  chemically  active  devices. 
Variables:  composition,  reaction  race,  contamination,  ph,  energy  release 
(or  absorption),  reaction  products. 
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High  Temperature  (Th) 


Any  environment  condition  that  causes  sensible  heat  input  to 
the  TU,  ao  that  its  temperature  approaches  the  design  range  maximum. 
Includes  heat  input  by  conduction,  convection,  radiation,  condense* 
tion  of  hot  vapor,  etc. 


Low  Temperature  (T\) 


Any  environment  condition  that  causes  sensible  heat  outflow  from 
the  TU,  so  that  its  temperature  approaches  the  design  range  minimum. 
It  includes  heat  outflows  by  conduction, Convection,  radiation, 
evaporation,  etc. 


Changing  Temperature  (Tc) 

Any  environment  condition  that  causes  sensible  heat  in*  or 
outflow  at  a  rate  that  approaches  the  design  maximum.  It  includes 
:£ll&tjpthermal  situations  as  quenching,  blast  heat  input,  electrical 
discharge,  violent  chemical  reaction,  all  forms  of  thermal  shock. 


High  Pressure  (Ph) 

Any  environment  condition  in  which  pressure  that  approaches  the 
design  range  maximum  is  exerted  on  the  TU.  It  Includes  air  pressure, 
gas  pressure,  hydrostatic  pressure,  spring  pressure. 


Low  Pressure  (PI) 

Any  environment  condition  in  which  low  pressure,  approaching  the 
design  minimum,  is  axerted  on  the  TU.  It  includes  low  atmospheric 
pressure,  relief  of  norami  pressurization,  high  altitude  effects. 


Changing  Pressure  (Pc) 


Any  environment  condition  that 
near  the  design  maximum  for  the  TU. 
phenomena,  explosive  decompression, 


causes  pressure  change  at  a  rate 
Includes  blast  effects,  shock 
cavitation. 
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Ionizing  Radiation  (Ri) 


Any  environment  situation  in  which  ionizing  radiation  la  an 
input  to  the  TU.  Includes  bombardment  by  X-rays ,  game  rays,  cosmic 
rays,  ultra-violet  radiation  and  the  various  charged  and  uncharged 
particle*  that  can  produce  ionization. 


Mechanical  Interference  fir) 

Any  environment  situation  in  which  eomponents  that  are  not 
properly  a  part  of  the  TU  can  interfere  mechanically  with  its 
operation.  Includes  dirt  and  dust  accumulation,  moisture  condensa¬ 
tion,  biological  material,  mud,  ice,  snow,  frost. 


Relative  Acceleration  (Ar) 

Any  environment  situation  in  which  the  TU  is  accelerated  with 
respect  to  its  surroundings,  to  produce  forces  that  are  near  the  design 
range  maximum.  Includes  effects  due  to  steady  or  varying  acceleration, 
solid  and  airborne  sound  and  vibration,  wind  and  slipstream,  propulsive 
thrust,  drag,  particle  impingement. 


Electric-Magnetic  Fialda  (Fd) 

Any  environment  situation  in  which  the  TU  is  subjected  to  steady  or 
alternating  electric  or  magnetic  fields  or  electromagnetic  radiation,  the 
electric  or  magnetic  effects  of  which  approach  the  TU  design  range  maximum. 
Includes  fields  from  electric  machines,  electrostatic  charge,  magnets, 
coils,  radiation  from  radar  and  communication  apparatus, 


Surrounding  Chemical  Composition  (Cs) 

Any  environmental  situation  in  which  the  chemical  reaction  potential 
of  the  surroundings  (atmosphere,  liquids  and  solids  in  contact  with  TU) 
approaches  the  TU  design  range  maximum.  Includes  contaminated  atmospheres, 
effects  of  chemical  pollutants. 


Time  (Zt) 

An  environmental  situation  in  which  thera  exists  a  tine -dependent 
component  in  the  definition  of  the  design  ranges  of  the  parameters 
describing  a  test  unit. 
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COMPUTER  ANALYSIS  AND  LABORATORY  EVALUATION  OF  INTERACTION  EFFECTS 
OF  COMBINED  ENVIRONMENTS  ON  SYNCHROS,  TYPE  23TX6 

INTRODUCTION 


This  report  covers  work  done  at  Frankford  Arsenal  in  the 
continuation  of  research  efforts  previously  performed  by  Stanford 
Research  Institute  under  Contract  DA-Q4-20O-0RD-1032  and  DA”04-200-0RD- 
1141,  Department  of  Army  Project  No,  5B98-09-004,  under  the  sponsorship 
of  Mr,  P,  W.  Espenschade,  Chief,  Environmental  Research  Office,  Army 
Ordnance  Corps  (now  Army  Materiel  Command), 

Two  previous  reports  have  been  published  on  this  subject; 
"SYNERGISTIC  EFFECTS  IN  COMBINED  ENVIRONMENTS  TESTING"  and  "EFFECTS  OF 
COMBINED  ENVIRONMENTS",  both  prepared  by  Mr,  J,  S.  Arnold,  Stanford 
Research  Institute,  Menlo  Park,  California,  The  reports  describe  a 
method  of  analysis  utilizing  automatic  data  processing  machines  to 
permit  better  prediction  of  the  effects  of  interaction  of  two  or  more 
environmental  factors  on  the  functioning  of  Army  materiel.  The  work  was 
analytical  rather  than  experimental  and  had  as  its  objective  the  treat* 
ment  and  analysis  of  the  interactions  of  two  or  more  environmental 
factors  and  their  effects. 

The  analysis  involves  the  states  that  describe  a  test  unit,  the 
measurable  physical  parameters  necessary  to  describe  each  of  the 
states ,  the  environmental  factors  that  can  be  used  to  describe  the 
environments,  and  the  measurable  physical  parameters  affected  by  each 
of  the  environmental,  factors.  The  proposed  computer  application  of 
the  analysis  was  developed  in  detail  to  a  stage  whereby  a  step-by-step 
procedure  from  input  data  (real  environment  and  test  unit  descriptions) 
to  output  data  (the  environment  action  possibilities)  can  be  traced. 

The  continuation  of  the  research,  herein  reported,  was  performed 
jointly,  by  Mr,  J,  Arnold  of  Stanford  Research  Institute  and  Mr.  M.  H, 
Simpson  of  Frankford  Arsenal  under  Department  of  Army  Project  No.  5B98- 
09*004.  Machine  analysis  methods  were  set  up  for  environmental 
interaction  problems  and  solved  with  the  use  of  a  computer.  Experimenta* 
tion  was  performed  to  compare  test  results  with  the  computer  solutions. 
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OBJECT 


To  determine  the  interaction  effects  of  vibration  and  low 
temperature ^-altitude  and  low  temperature,  and  temperature  and 
humidity  on  pransmitter ,  |orque,  Synchros  ||ype  #23TX6  as  a  Test 
Unit  (TU),aivd  compare  the  test  results  obtained  in.  the  environ* 
mental  laboratory  with  computer  predictions  programmed  on  a 
Remington  Rand  Solid  State  90  Computer,  in  accordance  with  the 
analysis  method  developed  by  the  Stanford  Research  Institute. 
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PROCEDURE 


The  selected  test  unit  (TU)  was  a  Transmitter ,  Torque,  Synchro, 
Type  #23TX6  shown  in  Figures  1  and  2,  There  were  three  phases  of 
effort  in  the  etudy.  The  first  phase  consisted  of  a  Parts  Analysis 
such  as  shown  in  Appendix  1,  Sheets  Mo.  1  thru  5.  The  second  phase 
consisted  of  a  computer  program  set  up  in  accordance  with  the 
procedure  outlined  in  Appendix  2,  REQUIREMENTS  FOR  DATA  ANALYSIS, 
SYNERGIST1CS  STUDY  OF  ENVIRONMENTAL  INTERACTIONS,  end  Appendix  3, 
CATALOG  A  input  and  Appendix  4,  CATALOG  B  input,  The  third  phase  was 
environment el  laboratory  testing  for  comparison  of  test  results  with 
qualitative  computer  solutions,, 

Phase  1.  The  parts  analyses  sheets  were  prepared  es  illustrated 
in  the  Appendix,  to  predict  what  Simple  Unit  Parameters  (SUP' t)  might 
be  affected  by  environmental  action  on  that  part. 

Phase  2.  For  the  computer  phase,  punched  cards  were  used  to  set 
up  the  memory  in  a  Remington  Rand  Solid  State  90  Computer. 

The  following  problems  were  given  to  the  computer  to  predict; 

a.  low  temperature  and  altitude  combined  effects 

b.  high  temperature  and  high  humidity  combined  effects 

c.  vibration  and  low  temperature  combined  effects 

The  data  was  submitted  to  the  computer  in  accordance  with  the 
method  developed  by  Stanford  Research  Institute;  l„e„: 

Given  the  TU  (Test  Unit  =  Synchro  Type  23TX6) , 

dpd  the  following,  SUP1' a  (Simple  Unit  Parameters)  important  to  it 
in  the  environments  concerned  (See  Glossary  of  Terms  and  Definitions) 


EM 

- 

Ilectric^Magnetic  Stat® 

STN 

Strain  State 

ELAS 

Elastic  Stats 

CHEM 

«■ 

Chemical  State 
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<md  the  affects: 


I 

ID 


Indirect  effect  of  one  environment. 

Indirect  effect  of  one  environment  end 
direct  effect  of  the  second  environment. 

Direct  effect  of  two  environments. 

Indirect  effect  of  two  environments. 

Mo  effect. 


What  effects  cen  be  expected  from  the  combined  SEF  (Simple 
Environmental  Factors)  indicated  below? 

a.  Vibration  and  Low  Temperature  -  ArTl 

b.  Altitude  and  Low  Temperature  -  P1T1 

c.  Humidity  and  High  Temperature  -  CsTh 

Phase  3  -  The  test  phase  consisted  of  subjecting  the  synchros 
to  coaibined  environment  S  testing  to  the  same  combinations  presented 
to  the  computer;  i.e..  Vibration  and  Low  Temperature,  Altitude  and 
Low  Temperature ,  and  Humidity  and  High  Temperature . 

The  environmental  laboratory  tests  and  the  computer  operations 
were  performed  at  Frank. ford  Arsenal. 


DESCRIPTION  OF  COMBINED  ENVIRONMENTS  TESTING 

Testing  was  performed  during  the  period  from  August  1962  to 
October  1962.  The  Transmitter  Torque  Synchros,  Type  23TX6,  were 
electrically  energised  while  being  submitted  to  the  following 
environmental  conditions;  Vibration  and  Low  Temperature,  Altitude 
and  Low  Temperature  and  High  Temperature  and  Humidity.  The  test 
items  were  monitored  for  temperature  changes,  electrical  continuity 
end  for  indications  of  arcing  and/or  short  circuiting  before,  during, 
and  after  each  test. 
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Vibration  and  Low  Temperature  Test  #1 
(Not  Rotating) 

The  test  set-up  for  the  Vibration  and  Low  Temperature  Test 
(Figure  3)  included  the  following  pieces  of  equipment;  LAB  Type  24-200 
Vibration  Machine;  Leeds  &  No rt hr up  Speedomax  multi-point  temperature 
recorder,  with  copper-constantan  thermocouples;  Minneapolis -Honeywell 
Visicorder,  Model  1108,  Serial  No.  11-164  an  Endevco  Model  2213 
Accelerometer,  1%  Volt  DC  batteries,  45°  synchro  test  fixture,  and  a 
liquid  CO2  portable  cold  chamber  over  the  vibration  machine,  (See  Figure  3), 

Each  of  the  three  synchros  was  fastened  to  a  45°  inclined  fixture 
and  the  fixture  was  bolted  to  the  vibration  table.  Thermocouples  were 
placed  on  each  synchro  and  in  the  air  stream  adjacent  to  the  synchros. 

A  continuous  record  of  the  temperatures  was  obtained  by  the  Speedomax 
recorder.  An  accelerometer  was  fixed  to  the  test  fixture  and  the  synchros9 
rotors  were  energized  with  1%  Volts  D.  C.  without  rotation.  Records  of 
acceleration  and  electrical  continuity  were  obtained  by  the  M-H  Visicorder. 

The  liquid  CO2  refrigerated  cold  chamber  was  then  placed  over  the 
set-up.  The  synchros  were  then  subjected  to  -40°F  and  vibration 
characteristics  of;  (a)  double  amplitude  -  0.141  inches  vertical  vibra¬ 
tion,  (b)  variable  frequency  -  5  cps  to  60  cps  to  5  eps  (c)  a  total 
scanning  time  of  one  minute  for  (d)  a  time  duration  of  eight  hours.  The 
synchros  were  energized  with  Ifc  Volts  D.  C.  before,  during,  and  after  the 
-40°F  test.  (See  Figures  5  and  6).  The  test  items  were  monitored  for 
temperature  change,  vibration  and  electrical  continuity,  continuously. 

Figure  4  shows  the  electrical  schematic  of  the  test  set-up. 


Vibration  and  Low  Temperature  Test  #2 
(Rotating) 

The  environmental  test  characteristics  were  the  same  as  for  Test  #1; 
i.e,  synchros  were  subjected  to  -40°F  and  vibration  characteristics  of 
0.141  inches  double  amplitude  vertically,  with  a  sweep  of  frequency  from 
5  cps  to  60  cps  to  5  cps  in  a  scanning  time  of  one  minute,  for  a  total 
period  of  6  hours. 
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The  vibration  machine  and  temperature  test  chamber  were  identical 
to  those  used  for  Vibration  and  Low  Temperature  Test  #1.  In  thin  test, 
however,  the  investigation  of  electrical  characteristics  was  different. 

Four  ggmchros,  Type  23TX6  were  used  for  the  test.  Two  synchros  were  ueed 
as  driving  units,  mounted  outside  the  cold  box  vibrator  system  and  were 
electrically  inter-connected  with  two  additional  Type  23TX6  Synchros 
mounted  on  the  vibration  machine  and  subjected  to  the  vibration  and  low 
temperature  environments.  The  driving  synchros  were,  in  turn,  revolved 
by  small  motors  thru  flexible  shaft  combinations  at  57  rpm  and  60  rpm 
respectively.  The  follower,  or  driven  synchros  were  positioned  by  the 
driving  synchros,  electrical  output  of  the  driving  synchros  was  115 
volts;  resulting  amperage  was  in  accordance  with  data  in  Figure  8  and 
Appendix  7.  Figure  7  shows  the  electric  schematic  of  driver-driven  synchro 
system. 


Altitude  and  Low  Temperature  Test 

The  electrical  measurements  and  test  set-up  for  the  Altitude  -  Low 
Temperature  Test  and  the  High  Temperature  -  Humidity  Test  #1  were  identical. 
(See  Figures  4  and  9).  Equipment  used  in  these  tests  included:  an 
altitude-temperature-humidity  chamber,  45° »<  synchro  test  fixture,  copper 
constantan  thermocouples,  Esterline  Angus  Recording  Ammeters,  Model  4H, 
Serial  Nos.  45846,  124180,  104091  (for  electrical  continuity),  Foxboro 
Stabilog  Pressure  WMKoller  (altitude  test  only) ,  LAN  Speedomex  Multipoint 
Temperature  Recorder,  Minneapolis -Honeywell  Wet  Bulb  Temperature  Recorder 
(humidity  test  only) ,  a  6  volt  All-State  48  battery. 

The  synchros  were  mounted  on  the  45°>‘  test  fixture  and  placed  in  the 
chamber.  Thermocouples  were  placed  on  each  synchro  and  in  the  air  stream. 
Temperature  records  were  obtained  by  the  Speedomax  Recorder.  The  items 
were  energized  by  6  volt  D.  C.  and  monitored  by  the  Esterline  Angus 
Recording  Ammeters. 

For  the  Altitude  and  Low  Temperature  Test,  the  altitude  in  the  chamber 
was  maintained  at  10,000  feet  (20.58  inches  Hg  absolute)  by  a  pressure 
controller,  while  the  temperature  was  held  at  -65°F.  The  synchros  were 
energized  with  6  volts  D.C.  before,  during,  and  after  the  test.  The  test 
items  were  monitored  continuously  for  both  temperature  and  electrical 
continuity.  This  test  had  an  8  hour  time  duration. 
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Temperature  and  Humidity  Test  #1 

The  Temperature  and  Humidity  Test  #1  was  performed  with  a 
temperature  of  125°F  and  a  relative  humidity  of  951  for  a  period  of 
eleven  days.  During  this  time,  records  of  temperature  and  humidity 
were  taken  continuously.  The  Synchros,  Type  #23TX6,  were  energised 
without  rotation  by  6  volts  D.  C.  before,  during  and  after  the  entire 
test  and  they  were  monitored  for  electrical  continuity  a  minimum  of 
one  hour  each  morning  and  one  hour  each  afternoon,  taken  at  random 
times . 


Temperature  and  Humidity  Test  #2 

The  Temperature  and  Humidity  Test  #2  differed  from  the  Temperature 
and  Humidity  Test  #1  by  the  method  of  electrical  testing  and  length  of 
test.  The  second  test  had  the  driver-driven  combination  of  Type  23TX6 
Synchros  set  up  for  Vibration  and  Low  Temperature  Test  #2.  All  other 
requirements  were  the  same  as  Temperature  and  Humidity  Test  #1;  i.e., 
125°F  and  95%  relative  humidity,  but  for  5  days  duration.  Chamber 
temperature  and  humidity  data  were  taken  continuously  during  the  test 
and  the  TU  temperature  and  current  drain  we  re  monitored  for  a  period  of 
15  minutes  each  hour  of  the  normal  working  day  for  the  duration  of  the 
test. 
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RESULTS 


Automatic  Data  Processing 


The  computer  program  was  set  up  and  the  memory  was  stored  in 
punched  cards  from  Catalog  A,  Real  Environmental  Classifications,  and 
Catalog  B,  Macro,  Micro,  Status  Locations.  (See  Appendices  3  and  4). 
At  no  time  did  the  operator  tire  lapse  amount  to  more  than  two  minutes. 
Initial  programming  time  amounted  to  four  man  days.  (See  Appendix  2 
for  programming  requirements). 

The  computer  solutions  and  predictions  of  combined  effects  on  the 
Synchros,  Type  23TX6  were  as  follows; 

1.  Combined  Effects  of  Vibration  and  Low  Temperature :  -  that 
there  would  be  an  effect  in  strain  and  electrical  properties  of  the 
test  unit;  i.e.,  ID  effect. 


2.  Combined  Effects  of  Low  Temperature  and  Altitudes  -  that 
there  would  be  an  effect  in  electrical  and  strain  properties  of  the 
test  unit,  i.e.,  D2  effect. 


3.  Combined  Effects  of  High  Temperature  and  High  Humidity;  - 
that  there  would  be  an  affect  in  chemical  and  electrical  properties 
of  the  test  unit;  i.e.,  ID  effect. 


Environmental  Tests 


Vibration  and  Low  Temperature  Test  #1 

There  was  considerable  arcing  «t  normal  room  tesperafcure  with 
vibration  in  the  frequency  rang®  of  35-60=35  eps,  which  was  observed 
both  visually  and  on  the  electrical  monitoring  Records .  With  the 
addition  of  low  temperature  (=40®F)  a  noticeable  reduction  in  arcing 
occurs,  aa  seen  in  Figure  6.  The  remaining  arcing  appears  in  the 
frequency  range  of  45=60-45  cps.  Figures  5  and  6  show  the  results  of 
vibration  at  room  temperature  and  vibration,  with  low  temperature. 


Vibration  and  Low  Temperature  Taat  #2 

There  was  no  change  of  amperage  indicated  in  running  currant  for 
both  test  units  whan  exposed  to  =4Q°F  air  temperature  as  compared  with 
operating  amperage  at  normal  ambient  temperatures.  Appendix  5  is  tha 
tabulatad  data  and  Figure  8  the  plotted  data  of  vibration  at  ambient 
and  vibration  at  low  temperature. 


Altitude  and  Low  Temperature 

There  is  a  definite  increase  in  current  drawn  as  the  temperature 
decreases.  It  took  the  synchros  2  hours  to  stabilise  at  =65°F.  During 
this  time,  the  values  of  current  drawn  increased  from  48  me,,  65  mu,  and 
63  we  (at  safe lent)  to  87  ms,  106  me,  and  102  me  for  synchros  1,  2,  and 
3  respectively.  The  changes  in  current  drawn  were  39,  41,  and  39  an. 
Since  the  voltage  was  held  constant,  an  increase  in  current  drawn 
indicates  a  decrease  in  electrical  resistance.  Figures  10  end  11  and 
Appendix  6  show  the  effects  on  electrical  continuity  of  the  synchros 
during  the  altitude  =  low  temperature  test. 


High  Temperature  and  High  Humidity  Test  #1 

With  the  test  chamber  temperature  and  humidity  at  125°F  and  95Z 
relative  humidity  there  was  an  immediate  increase  in  current  drawn  by 
synchro  #1  (from  50  to  58  me)  while  synchros  #2  and  #3  decrease  in 
current  draw  (from  65  to  59  sms  for  #2  and  63  to  57  for  #3),  After  1% 
days  of  the  test  the  current  draw  of  all  three  synchros  stabilised  and 
showed  a  definite  increase  in  millianperes.  The  final  values  of  current 
were  62 ,  69,  and  68  sms  for  synchros  #1,  #2  and  #3.  At  one  period  during 
the  test  the  chafer  door  was  opened  to  see  if  any  visual  corrosion  had 
taken  place.  While  eh®  door  was  ops®  it  was  noticed  that  moisture  had 
formed  on  the  Inside  of  the  clear  plastic  top  of  synchros  #1  and  #3. 

When  these  test  items  were  removed  from  the  test  fixture,  it  was  noted 
that  the  rotors  were  locked  tight.  This  was  probably  caused  by  corrosion 
due  to  humidity.  This  was  later  verifi«d  by  disassembly  of  the  synchros. 
There  was  corrosion  of  the  ball  bearings  and  raceway,  and  some  corrosion 
on  the  brush  contact  points  rooted.  Figure  12  and  Appendix  7  exhibit  the 
experimental  data  for  this  test. 
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High  Temperature  and  Humidity  Teat  tZ 

Remits  of  this  test  show  that  running  current  increased  by 
2  amperes  for  1  test  unit,  and  4  amperes  for  the  secepd  test  unit, 
at  125°F  and  95%  relative  humidity.  There  was  some  erratic 
functioning  of  one  test  unit  (Synchro  #4)  noted  at  4  different 
times.  Corrosion  was  noted  similar  to  High  Temperature  and  Humidity 
Test  #1,  including  locked  rotors,  corrosion  of  the  ball  bearings  and 
raceway,  and  sosie  corrosion  of  the  brush  contact  points.  Figure  13 
and  Appendix  8  exhibit  the  experimental  data  for  this  test. 


ANALYSIS  OF  RESULTS 


The  following  tabulated  comparison  of  the  results  of  the  ADPS 
and  experimental  findings  should  be  analyzed  in  terms  c£  effects: 


Table  #1 


Automatic  Bata  Froeesslnx 


D 


2 


Vibration  and  Low  Temperature 

Low  Temperature  and  Altitude  X 

High  Temperature  and  Humidity 


IB  l£ 

X 

X 


In  order  to  check  test  results  Table  #2  is  necessary: 


Table  #2 

Experimental  Effects 

Strain  Corrosion 
Effect  Effect 

X 
X 

X  X 


Electrical 
Effect _ 


Vibration  and  Low  Temperature  X 

Low  Temperature  and  Altitude  X 

High  Temperature  and  Humidity  X 


In  order  to  compare  experimental  results  with  ADF  results ,  it  is 
necessary  to  transpose  Table  #2  into  ADP  factor®! 


Table  #3 

Experimental  in  ADF  Factors 

ID  £ 

Vibration  and  Low  Temperature  X  X 

Low  Temperature  and  Altitude  X 

High  Temperature  and  Humidity  X  X 

Note:  X  signifies  occurrence. 


From  Che  foregoing  data  there  Is  apparently  some  lack  of 
agreement  in  the  results  of  the  automatic  data  processing  prediction 
and  experimental  results ,  Comparing  results  in  Table  3 
(Experimental  in  ADP  Factors)  with  results  in  Table  1  (Automatic 
Data  Processing)  effects  were  not  predicted  by  the  computer  for 
two  of  the  three  test  conditions  but  did  occur  for  all  three  during 
the  experiment.  These  effects  occurred  in  the  Vibration  and  Low 
Temperature  Tests  and  the  High  Temperature  and  Humidity  Tests.  There 
was  agreement  in  all  other  occurrences. 

It  should  also  be  noted  that  the  experimental  results  indicated 
a  direct  effect  of  temperature  on  current  flow  (due  to  resistance 
changes  in  the  windings)  as  well  as  an  indirect  effect  of  temperature 
causing  current  changes  due  to  mechanical  strain  producing  a  relative 
change  in  spring  contact  resistance). 

Comparison  of  experimental  results  with  computer  predictions 
revealed  that: 

1.  Most  of  the  effects  observed  after  the  combined 
environments  tests  were  predicted  by  the  computer  analysis. 

2.  No  combined  environmental  effects  were  found  which 
the  analysis  indicated  to  he  impossible, 

3.  The  computer  did  not  distinguish  between  the  direct 
effect  (D)  and  the  indirect  effect  (ID)  of  a  single  environment  on 
different  parameters, 

4.  The  computer  did  not  evolve  a  double  effect  (D^  and  ID)  as 
being  inherent  in  the  Vibration  and  Low  Temperature,  and  High  Temperature 
and  Humidity  Tests,  but  predicted  only  that  there  would  be  an  indirect 
effect. 

Note:  The  inconsistencies  of  paragraph  3  and  4  are  probably  due 
to  Incomplete  parts  analyses  made  by  the  analyser  in  preparation  of 
Catalogs  A  and  B,  and  not  necessarily  a  fault  of  the  method. 
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CONCLUSIONS 


The  general  conclusion  of  the  investigations „  based  on  the 
experimental  findings,  is  that  the  proposed  method  of  analysis  and  use 

of  computers  has  merit  for  environmental  evaluation  of  military 
materiel.  The  objective  was  to  test  the  method.  The  effects  observed 
could  be  beneficial  or  deleterious.  The  purpose  was  not  to  evaluate 
"good-or-bad" ,  but  to  predict  an  effect;  and  this  was  demonstrated. 

It  my  be  possible  that  quantifying  values  could  be  applied  to 
measure  effects  on  parameter®.  However,  further  refinements  on  the 
qualified  effects,  especially  relative  to  the  prediction  of  direct 
and  indirect  effects  of  single  and  combined  environments,  should  be  saade 
first  before  quantifying  effects  should  be  attempted.  It  is  further 
concluded  that  additional  investigation  is  warranted  in. pursuing  this 
environmental  evaluation  and  analysis  method  in  order  Co  determine 
whether  a  quantifying  system  could  be  attainable. 
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RECOMMENDATIONS 


Sines  there  is  indication  that  benefits  earn  be  attained  in  the 
form  of  increased  materiel  reliability  and  reduced  material  cost  by 
supplementing  and/or  replacing  portions  of  environmental  testing  by 
analytical  procedures ,  the  use  of  analytical  techniques  with  computer 
storage  and  manipulation  of  data  will  have  great  utility,  especially 
in  the  prediction  of  combined  environments  effects.  Analysis  of  data 
relating  environments  to  test  unit  effects  would  be  of  considerable 
value  in  the  determination  of  which  environmental  factors  are  impor¬ 
tant  for  the  evaluation  of  a  test  unit  and  the  reduction  of  require¬ 
ments  for  testing. 

The  information  required  in  environmental  effects  analysis  is 
generally  available,  at  present,  in  the  form  of  texts,  tables,  books, 
reports,  the  experience  of  individuals,  etc.,  but  it  is  so  scattered 
that  all  pertinent  data  are  not  usually  brought  to  bear  on  a  specific 
problem  because  of  the  magnitude  of  the  task  of  assembling  and  using 
it.  The  machine  analysis  approach  to  the  environmental  problem  is  that 
of  acquiring  all  the  data  in  general  form  and  storing  it  in  the  machine 
memory.  An  incoming  problem  can  then  be  placed  in  such  a  format  that 
all  pertinent  data  in  the  machine's  memory  will  be  searched  out  and 
qualitative  and  quantitative  aspects  of  the  actions  of  environmental 
forces  upon  the  materials  and  mechanisms  will  be  determined  more  rapidly. 

It  is  recommended  that  consideration  be  given  to  amplifying  the 
investigation  into  a  wider  scope  of  effort.  The  suggested  effort 
would  Include  the  following  activities: 

1.  Automatic  Data  Processing  Systems  should  be  further  studied 
for  application  to  the  environment-materiel  interaction  problem 
primarily  to  determine  their  capability  for  manipulating  the  data. 

2.  The  present  descriptions  of  climatic,  geographic,  and  induced 
environments  should  be  studied  and  methods  for  transforming  these 
descriptions  into  the  terms  necessary  for  application  to  Automatic 
Data  Processing  should  be  developed. 

3.  The  physical  characteristics  of  materiel  that  are  affected 
by  environmental  phenomena  should  be  studied  in  order  to  define 
success  and  failure  criteria  for  military  operations. 
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4,  Method*  for  the  acquisition  of  data  describing  field 
materiel  failures,  and  the  cataloging  and  storage  of  these  data 
for  application  to  future  problems,  should  be  studied  and  evaluated 
for  application  for  environmental  factors. 

5,  The  development  of  the  analytical  format  in  which  the 
information  is  to  be  used  should  be  continued  as  the  information 
fund  increases  in  size  and  scope. 
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APPENDIX  1 


Part  Analysis  ghget 
Sheet  No.  1 _ 

P.  No.  7645534  TU  No.  1 _  SUP 

P.  Name  Front  End  Bell _ 

P.  Function  Support  Bearing,  Close  Synchro 


Induced  Environment  Factor*  Caused  by  P  _ None _ No  Ye* 

CHEM  PO  require  chemical  reaction? 

External  surface  reactions  (corrosions,  rust)  affect  PO? 

Volume  reaction  (displacement, solution)  affect  PO? 

Slow  (aging)  reaction  affect  PO? 

CLN  Contaminants  affect  cooperation  with  other  P? 

Necessary  thermal  behavior  impaired  by  contaminants? 

Necessary  surface  characteristics  (optical,  electrical) 
impaired? 

ELA3  p  has  vibration  isolation  function? 

P  has  strain  relief  function? 

P  has  function  of  protecting  other  P? 

PO  require  specific  spring  constant? 

EM  PO  require  EKP  or  MMF  from  P? 

Can  external  E  or  M  fields  affect  PO? 

PO  require  specific  electrical  properties? 

PO  require  specific  magnetic  properties? 

RHEO  PO  require  specific  viscosity  ©f  P? 

PO  depend  on  circulation  of  P? 

Cold  or  slow  flow  of  P  affect  PO? 

Viscous  damping  by  P  affect  PO? 

STN  Steady  or  cyclic  external  strain  ®m  P  affect  PO? 

Body  force  (steady  or  cyclic)  on  P  affect  PO? 

Direction  of  gravity  affect  PO? 

Strain-sensitive  alignment  of  P  affect  PO? 

SIR  Can  state  change  occur  in  P  to  affect  PO? 

PO  dependent  on  microstructur®  of  P? 

Allotropic  changes  in  P  affect  PO? 

Polymerisation  changes  in  P  affect  PO? 

Surface  structure  changes  in  P  affect  .PO? 

I HER  Temperature  of  P  affect  PO? 

Heat  generation  in  P  affect  PO? 

Heat  conversion  in  P  affect  PO? 

Heat  transfer  in  P  affect  PO? 

Note:  P  *  Part,  PO  -  Part  Operation  t 
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H  X  H  X  H  M  X  HKXH  X  *  X  K  XXXX  XXXX  XXXX  X  X  X  X 


Part  Analysis  Sheet 


Sheet  No.  2 _ 

P.  No.  583474 _  TU  No.  SUP 


P,  Name  Retaining  Ring _  ELAS 


P,  Function  Hold  Closure  in  Place _ _  STN 

Induced  Environment  Factor*  Caueed  by  P  None _ No  Ye* 


CHEM  PO  require  chemical  reaction?  X 

External  surface  reaction*  (corrosion,  rust)  affect  PO?  X 

Volume  reaction  (displacement,  solution)  affect  PO?  X 

Slow  (aging)  reaction  affect  PO?  X 

CLN  Contaminant*  affect  cooperation  with  other  P?  X 

Necessary  thermal  behavior  impaired  by  contaminants?  X 

Necessary  surface  characteristics  (optical,  electrical)  X 

Impaired? 

ELAS  P  has  vibration  isolation  function?  X 

P  has  strain  relief  function?  X 

P  has  function  of  protecting  other  P?  X 

PO  require  specific  spring  constant?  .  X 

EM  PO  require  EMF  or  MMF  from  P?  X 

Can  external  E  or  M  fields  affect  PO?  X 

PO  require  specific  electrical  properties?  X 

PO  require  specific  magnetic  properites?  .  X 

RHEO  PO  require  specific  viscosity  of  P?  X 

PO  depend  on  circulation  of  P?  X 

Cold  or  slow  flow  of  P  affect  PO?  X 

Viscous  damping  by  P  affect  PO?  X 

STN  Steady  or  cyclic  external  strain  on  P  affect  PO?  X 

Body  force  (steady  or  cyclic)  on  P  affect  PO?  X 

Direction  of  gravity  affect  PO?  X 

Strain-sensitive  alignsucut  of  E  affect  PO?  X 

STR  Can  state  change  occur  in  P  to  affect  PO?  X 

PO  dependent  on  microstructure  of  P?  X 

Aliotropic  changes  in  P  affect  PO?  X 

Polymerization  changes  in  P  affect  PO?  X 

Surface  structure  changes  in  P  affect  PO?  X 

THER  Temperature  of  P  affect  PO?  X 

Heat  generation  in  P  affect  PO?  X 

Heat  conversion  in  P  affect  PO?  X 

Heat  transfer  by  P  affect  PO?  X 
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Induced  Environment  Factors  Caused  by  P  None _ No  Taa 

CHEM  PO  require  chemical  reaction?  X 

External  surface  reactions  (corrosion,  rust)  affect  PO?  X 

Volume  reaction  (displacement,  solution)  affect  PO? 

Slow  (aging)  reaction  affect  PO? 

CLN  Contaminants  affect  cooperation  with  other  P? 

Necessary  thermal  behavior  impaired  by  contaminants? 

Necessary  surface  characteristics  (optical,  electrical) 
impaired? 


ELAS  P  has  vibration  isolation  function?  X 

P  has  strain  relief  function?  X 

P  has  function  of  protecting  other  P?  X 

PO  require  specific  spring  constant?  X 

EM  PO  require  EMF  or  MMF  from  P?  X 

Can  external  E  or  M  fields  affect  PO?  X 

PO  require  specific  electrical  properties?  X 

PO  require  specific  magnetic  properties?  .  X 

RHEQ  PO  require  specific  viscosity  of  P?  X 

PO  depend  on  circulation  of  P?  X 

Cold  or  slow  flow  of  P  affect  PO?  X 

Viscous  damping  by  P  affect  PO?  X 

STN  Steady  or  cyclic  external  atrain  on  P  affect  PO?  X 

Body  fore®  (steady  or  cyclic)  on  P  affect  PO?  X 

Direction  of  gravity  affect  PO?  X 

Strain-sensitive  alignment  of  P  affect  PO?  X 

STR  Can  state  change  occur  in  P  to  affect  PO?  X 

i.  PO  dependent  on  microstructure  of  PT  X 

Allotropic  changes  in  P  affect  PO?  .  X 

Polymerization  changes  in  P  affect  PO?  X 

Surface  structure  changes  in  P  affect  PO?  X 

THER  Temperature  of  P  affect  PO?  X 

Heat  generation  in  P  affect  PO?  X 

Heat  conversion  in  P  affect  PO?  X 

Heat  transfer  by  P  affect  PO?  .  X 
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M  M  MM 


Sheet  Mo 


TU  No.  1 _  SOP 

CHEM  CLN  EM 

STR  THER 


Induced  Environment  Factors  Caused  by  P  H  Field  in  Stator _ No  Yes 

CHEM  PO  require  chemical  reaction? 

External  surface  reactions  (corrosion,  rust)  affect  PO? 

Volume  reaction  (displacement,  solution)  affect  PO? 

Slow  (aging)  reaction  affect  PO? 

CLN  Contaminants  affect  cooperation  with  other  P? 

Necessary  thermal  behavior  impaired  by  contaminants? 

Necessary  surface  characteristics  (optical,  electrical) 
impaired? 


ELAS  P  has  vibration  isolation  function?  X 

P  has  strain  relief  function?  X 

P  has  function  of  protecting  .other  P?  X 

PO  require  specific  spring  constant?  .  X 


EM  PO  require  EMF  or  MMF  from  P? 

Can  external  E  or  M  fields  affect  PO? 

PO  require  specific  electrical  properties? 
PO  require  specific  magnetic  properties?  . 


RHEO  PO  require  specific  viscosity  of  P?  X 

PO  depend  on  circulation  of  P?  X 

Cold  or  slow  flow  of  P  affect  PO?  X 

Viscous  damping  by  P  affect  PO?  .  X 

STN  Steady  or  cyclic  external  strain  on  P  affect  PO?  X 

Body  force  (steady  or  cyclic)  on  P  affect  PO?  X 

Direction  of  gravity  affect  PO?  X 

Strain-sensitive  alignment  of  P  affect  PO?  X 

STR  Can  state  change  occur  in  P  to  affect  PO?  X 

PO  dependent  on  micro structure  of  P?  X 

Alio tropic  changes  in  F  affect  PO?  .  X 

Polymerization  changes  in  P  affect  PO?  X 

Surface  structure  changes  in  P  affect  PO?  X  1 

THER  Temperature  of  P  affect  PO?  X 

Heat  generation  in  P  affect  PO?  X 

Heat  conversion  in  P  affect  PO?  X 

Heat  transfer  by  P  affect  PO?  .  X 


X 

X 

X 

X 
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Partr Analysis  Sheet 


Sheet  No  .  ‘5 

7595533 

P.  No.  7595541  _  TU  No.  _ 1 


P.  Name  Brush  Assy _ 

P.  Function  Contact  Slip  Rings 


SUP 


CLN  ELAS  EM 
STN 


Induced  Environment  Factors  Caused  by  P  _ Sane _ No  Yes 


CHEM  PO  require  chemical  reaction?  X 

External  surface  reactions  (corrosion,  rust)  affect  PO?  X 

Volume  reaction  (displacement,  solution)  affect  PO?  X 

Slow  (aging)  reaction  affect  PO?  X 

CLN  Contaminants  affect  cooperation  with  other  P?  X 

Necessary  thermal  behavior  impaired  by  contaminants?  X 

Necessary  surface  characteristics  (optical,  electrical)  X 

impaired? 

ELAS  P  has  vibration  isolation  function?  X 

P  has  strain  relief  function?  X 

P  has  function  of  protecting  other  P?  X 

PO  require  specific  spring  constant?  .  X 

EM  PO  require  EMF  or  MMF  from  P?  X 

Can  external  E  or  M  fields  affect  PO?  X 

PO  require  specific  electrical  properties?  X 

PO  require  specific  magnetic  properties?  X 

RHEO  PO  require  specific  viscosity  of  P?  X 

PO  depend  on  circulation  of  P?  X 

Cold  or  slow  flow  of  P  affect  PO?  X 

Viscous  damping  by  P  affect  PO?  X 

STN  Steady  or  cyclic  external  strain  on  P  affect  PO?  X 

Body  force  (steady  or  cyclic)  on  P  affect  PO?  X 

Direction  of  gravity  affect  PO?  X 

Strain-sensitive  alignment  of  P  affect  PO?  X 

SIR  Can  state  change  occur  in  P  to  affect  PO?  X 

PO  dependent  on  microstructure  of  P?  X 

Allotroplc  changes  in  P  affect  PO?  .  X 

Polymerisation  changes  in  F  affect  PO?  X 

Surface  structure  changes  in  P  affect  PO?  X 

THER  Temperature  of  P  affect  PO?  X 

Heat  generation  in  P  affect  PO?  X 

Heat  convarsion  in  P  affect  PO?  X 

Heat  transfer  by  P  affect  PO?  .  X 
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APPENDIX  2 


REQUIREMENTS  FOR  DATA  ANALYSIS 
SYggRGISTICS  STUDY  OF  ENVIRONMENTAL  INTERACTIONS 

The  numerical  entries  of  Catalog  A  and  Catalog  B  are  to  be  stored 
in  the  computer  memory  as  tables ,  subject  to  withdrawal  and  readout  when 
requested  im  accordance  with  certain  conditions,  Th®  Catalog  A  entries 
consist  of  a  variable  number  of  digits,  up  to  a  maximum  of  16,  which  refer 
to  simple  environmental  factor  (SEF) ,  and  the  real  environments  in  which 
they  are  found.  The  real  environment  code  is  on  the  first  page  of  Catalog  A, 
and  the  SEF  code  on  the  first  page  of  Catalog  B,  (See  Appendicea  3  and  4). 

A  typical  Catalog  A  entry  might  be  as  follows: 

12  22  11  01  02  11  12 
Macro  Micro  Status  SEFl  SEF2  SEFji  SEF12 
Location  Location  (Ar)  (C6)  (T4)  (Zp) 

The  first  3  pairs  denote  the  real  environment  (Arctic,  im  a  surface  vehicle, 
under  cover)  and  the  last  four  pairs  denote  the  simple  environment  factors 
that  are  operating  (acceleration,  non-standard  chemical  surroundings,  low 
temperature,  and  aging). 

Catalog  B  entries  consist  of  four  two-digit  pairs.  The  first  two  of 
these  indicate  the  two  SEF  that  are  considered.  The  third  pair  denotes  the 
state  (SUP)  of  the  test  unit  upon  which  the  SEF  acts,  and  the  fourth  pair 
indicates  the  type  of  effect.  As  an  example,  such  an  entry  might  be: 


02 

09 

07 

02 

SEFi 

SEF2 

SUP 

Effect 

(c®) 

(Tc) 

(STR) 

I2 

The  first  2  pairs  indicates  the  two  SEF  (chemical  surroundings  and  changing 
temperature).  The  third  pair  indicates  the  strain  state  of  the  test  unit,  and 
the  fourth  pair  indicates  an  X2  (or  least  probable)  effect. 

Simplest  Operation  (1) 

The  simplest  operation  will  be  the  readout  of  entries  in  the  above 
catalogs.  For  example,  the  operator  may  wish  to  know  the  SEF  corresponding 
to  a  given  real  environment.  He  therefore  asks  for  a  readout  of  the  entry 
corresponding  to  a  real  environment.  He  thus  puts  in  an  instruction  to 
readout  the  Catalog  A  entry  beginning  with  the  six  digits  that  correspond  to 
the  real  environment.  Similarly  with  Catalog  B,  in  which  case  his  instructions 
might  be  to  print  out  an  8  digit  entry,  of  which  6  digits  are  known.  In  so**- 
cases  only  four  or  perhaps  two  of  the  digits  will  be  known,  and  the  resulting 
readout  must  include  ail  the  entries  that  contain  these  digits  in  the 
specified  positions. 


21 


Instruction;  Readout  the 


entry  beginning 
XXYYZZ????---- 

I 

CATALOG  A 

Readout 


Instruction:  Readout  the 
entry (a)  that  hare 
_XX??ZZ?? 


CATALOG  B 


Readout 


2nd  Operation  (Problem) 


This  operation  is  one  in  which  a  real  environment  (RE)  is  given, 
and  the  important  state  of  a  test  unit  (SUP)  is  given,  and.it  is  desired 
to  find  how  the  RE  affects  the  SUP.  The  following  steps  are  indicated: 

(1)  Find  the  SEP  that  describes  the  real  environment  by 

.  supplying  the  real  environment  code  number  (6  digits)  and 
instructing  the  machine  to  find  the  SEP  code  numbers 
from  Catalog  A» 


(2)  Form  all  possible  pairs  of  these  code  numbers  (4  digit  groups). 
It  is  hoped  that  this  operation  can  be  done  in. the  machine, 
but  it  can  be  done  by  the  operator  after  a  readout  if  there  is 
no  better  way. 


(3)  Take  each  2  SEP  pair,  search  Catalog  B,  find  the  pair  or  the 
first  four  digits  of  an  entry,  apply  the  condition  that  the 
given  SUP  code  number  be  the  3rd  pair  of  the  entry.  When 
this  condition  is  satisfied,  print  out  the  complete  Catalog  A 
and  Catalog  B  entries. 


Instructions:  Find  the  Cat,  A  entry  corresponding  to  the  given  R.  E, 
code  XXYYZZ-”-- . 

I 

CAT,  A 


Transfer  to  Register 

- Form  all  possible  pair  combinations  of  codes 

(7,8),  (9,10),  (11,12),  (13,14),  (15,16) 
CAT,.  B.  (Given. SUP. Code  Ho.)  _  ... 

With  each  combination  (4  digits)  search  Cat.  B 
for  coincidence  of  1st  four  digits  of  Catalog 
entries.  When  coincidence  is  found,  if  digits 
5  and  6  are  the  same  as  the  given  SUP  code 
digits,  print  out  the  Cat.  A  entry  and  the  Cat.  B 
entry.  If  no  coincidences,  go  on  to  next  pair.  . 


If  no  pairs , 
end  of  problem. 
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In  the  step  that  leads  to  the  above  readout,  it  would  be  desirable  to 
include  still  another  condition  -  the  coincidence  of  the  last  two  coitions 
of  the  Catalog  B  entry  with  a  given  value.  This  would  enable  operator  to 
get  only  a  print  out  of  the  environmental  effects  of  a  prescribed  kind 
(01,  02,  03,  or  04). 

3rd  Operation 

Given  a  TO  and  the  SUP  important  to  it.  What  real  environments 
will  affect  it? 


Instructions: 

CAT.  B. 

With  the  given  SUP  code  search  and  print  out  all  Cat.  B.  entries  that 
have  this  code  number  in  columns  (5,6)  and  02,  03,  or  04  in  columns  (7,8). 


CAT.  A. 

Using  the  resulting  SEF  pair  columns  (1,2),  (3,4),  search  Cat.  A 
columns  (7,8),  (9,10),  (11,12),  (13,14),  (15,16).  When  coincidences  are 
found,  print. out  the. entire  Cat.  A  entry. 
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APPENDIX  3 


Catalog  A 


Real  Environment  Classification 


Macro-location 

Micro-location 

Status 

10 

Arctic 

CODE 

Stationary 

CODE 

Z  of  I 

11 

Ice  Cap 

11 

In  Open 

11 

Storage-Boxed 

i2 

Inland 

12 

Overhead  Shelter 

12 

Storage-Exposed 

13 

Maritime 

13 

Enclosed  Space 

13 

Standby 

14 

Temp.  Controlled  Space 

14 

Operation 

20 

Temperate 

Surface  Vehicle 

T  of  0 

21 

Continental 

21 

In  Open 

21 

Storage  -  Boxed 

22 

Desert 

22 

Overhead  Shelter 

22 

Storege  -  Exposed 

23 

Highland 

23 

Enclosed  Space 

23 

Stendby 

24 

Maritime 

24 

Temp.  Controlled  Space 

24 

Operetlon 

30 

Tropical 

Sea  Vehicle 

31 

Desert 

31 

In  Open 

32 

Highland 

32 

Overhead  Shelter 

33 

Jungle 

33 

Enclosed  Space 

34 

Maritime 

34 

Temp.  Controlled  '.Space 

Flight  Vehicle 

41 

No  Press,  or  Temp.  Control 

42 

Pressurised,,  Unheated 

43 

Unpressurined,  Heated 

44 

Pressurised,  Heated 

Using  above  classification,  with  following  order, 
Macro-location  Micro- location 

1st  2  digits  2nd  2  digits 


Status 
3rd  2  digits 


get  a  digit  group|  representing  real  cliMtlc  and  geographical  environment. 
Example:  Environment  of  a  spare  tire  ©a  a  j®«p  in  Vietnam  would  .probably  be 

33  21  23 


33  -  Tropical  Jungle 

21  -  In  Open  on  Land  Surface  Vehicle 

23  -T.  of  0»  Standby 


Next  step  -  Assign  SEF  to  environment  descriptions.  These  will  be 
Assigned  on  basis  of  most  obvious  ones  first,  keeping  the  number  of  SEF 
assigned  to  a  minimum  for  this  go-round.  SEF  will  be  assigned  to 
represent  deviations  from  the  standard  temperate  (Ac)  environment  of 
x construction  of  most  devices.  In  the  context  of  the. report,  they  are  to 
represent  the  differences  between  the  ambient  environments  Ac  and  Ad  or  Ax. 

T  of  0  -  Table  not  prepared. 

Z  of  I  -  Will  illustrate, 4n  following  tables. 
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LANGUAGE 


COPE 


Real  Environment _ 

2  of  I  Ice  Cap,  In  Open,  Boxed 


tl 

11 

"  "  Expoaed 

tl 

"  "  Standby 

It 

It 

"  "  Operation 

If 

M 

Roof,  Boxed 

tl 

tt 

"  Exposed 

tl 

ft 

"  Standby 

tt 

ft 

"  Operation 

tl 

tt 

Enel.  Space,  Boxed 

II 

11 

"  "  Exposed 

It 

tl 

"  "  Standby 

It 

It 

"  "  Operation 

tt 

leap.  Cont,  Boxed 

tt 

It 

"  "  Exposed 

It 

tt 

"  "  Standby 

It 

It 

"  "  Operation 

tl 

It 

Surf.  Veh,  Open  Boxed 

tl 

tt 

"  "  "  Exp. 

tt 

tt 

"  "  "  Stdby 

tl 

It 

"  "  "  Oper. 

It 

11 

"  "  O.H.  Shelt 

.  B 

It 

tt 

"  "  O.H.  Shelt 

Exp. 

11 

tl 

"  "  O.H.  Shelt 

S  tandby 

tt 

tl 

"  "  O.H.  Shelt 

Operation 

It 

It 

"  "  Enel  Bx 

tt 

II 

V  "  "  Exp. 

It 

11 

"  "  "  Stdby 

II 

II 

V  "  "  Oper. 

tt 

ft 

"  "  HTD  Bx 

It 

It 

"  "  "  Exp. 

tt 

tt 

"  "  "  Stdby 

tl 

tt 

"  "  "  Oper 

SEF  Real  Environaent 


Tl,Zt  11 

Tl,Ia,Zt,Pn  11 
Tl,Ia 

Tl.Im  " 

Tl,Zt  11 

Tl,Ia,Zt  " 

Tl,Im  " 

11,1m  " 

Tl,Zt  11 

Tl,Zt  " 

Tl  " 

Tl 

Zt  11 

II 


Tl,Ar,zt  11 

Tl,Ar ,Ia,Zt  " 

Tl,ArsIa  " 

Tl,Ar,Ia  " 

Tl,Ar,Zt  11 

Tl,ArsIa,Zt  " 

Tl.Ar.Ia  " 

Tl,Ar ,Ia  " 


Tl,Ar,Zt  11 

Tl,Ar,Zt  %. 

Tl,Ar  V 

II, Ar  " 

Ar,Zt,Tc  11 

Ar,Zt,Tc  " 

Ar ,Tc  -  " 

Ar  " 


11 

11 

11 

12 

II 

12 

04 

06 

II 

13 

04 

11 

tl 

14 

04 

11 

12 

11 

11 

12 

tl 

12 

04 

11 

tl 

13 

04 

11 

tt 

14 

04 

11 

13 

11 

11 

12 

tt 

12 

11 

12 

tl 

13 

11 

If 

14 

11 

14 

11 

11 

II 

12 

11 

tt 

13 

- 

tl 

14 

- 

21 

11 

01 

11 

tt 

12 

01 

04 

It 

13 

01 

04 

ft 

14 

01 

04 

22 

11 

01 

11 

tt 

12 

01 

04 

ft 

13 

01 

04 

ft 

14 

01 

04 

23 

ii 

01 

11 

#*• 

12 

01 

11 

it 

13 

01 

11 

tt 

14 

01 

11 

24 

11 

01 

09 

tt 

12 

01 

09 

it 

13 

01 

09 

ii 

14 

01 

09 

11 


12 


12 

11 

11 

11 

12 

11 

11 

11 


12 

12 


12 

12 


SKF 

12 


12 


12 


CODS 

REAL  ENVIRONMENT 


CODE 

SEF 


Macro 

Micro 

Status 

11 

31 

« 

Not 

Applicable 

10 

41 

11 

01 

05 

11 

12 

Tl,Ar sPc#Zt 

II 

It 

12 

01 

05 

11 

12 

TljAr.PCjZt 

ft 

tt 

13 

01 

05 

11 

Tl,Ar,Pc 

ft 

It 

14 

01 

05 

11 

Tl,Ar ,Pe 

10 

42 

11 

01 

11 

12 

Tl,Ar»Zt 

I! 

tt 

12 

01 

12 

12 

Tl,Ar,Zfc 

tl 

It 

13 

01 

11 

Tl.Zsr 

It 

It 

14 

01 

11 

Tl„Ar 

10 

43 

11 

01 

05 

09 

12 

Tc,Air,Pe,Zt 

II 

12 

01 

05 

09 

12 

Tc,Ar ,PctZt 

»» 

tt 

13 

01 

05 

09 

Tc,Ar,Pe 

It 

It 

14 

01 

05 

09 

Tc,Ar,Pc 

10 

44 

11 

01 

09 

12 

Tc,Ar 

It 

tt 

12 

01 

09 

12 

Tc,Ar 

It 

tl 

13 

01 

09 

Tc,Ar 

It 

tt 

14 

01 

09 

Tc,Ar 

12 

11 

11 

02 

11 

12 

T 1 j  C® p  Zt 

ft 

tl 

12 

02 

04 

06 

11 

12 

TljCSsPbjZt,!!!! 

tl 

tt 

14 

02 

04 

11 

TlsC3,,Im 

12 

12 

11 

02 

11 

12 

T  1  P 

It 

tt 

12 

02 

04 

11 

12 

TlyC*,2 t,Im 

It 

tt 

13 

02 

04 

11 

CSs,Im,TI 

tt 

tt 

14 

02 

04 

11 

C9„ImtTl 

12 

13 

11 

11 

12 

TlfZt: 

tt 

tt 

12 

11 

12 

Tl,Zt 

It 

tt 

13 

11 

Tl 

tl 

It 

14 

11 

Tl 

12 

14 

11 

12 

Zt 

It 

If 

12 

12 

Zt 

It 

tt 

13 

- 

If 

ft 

14 

- 

12 

21 

11 

01 

02 

11 

12 

Tl,As  tZt,Cs 

It 

II 

12 

01 

02 

04 

11 

12 

T'lsAr,Zt,C®,Int 

It 

tl 

13 

01 

02 

04 

11 

TljAff  jlmijCs 

I! 

II 

14 

01 

02 

04 

11 

TljAr ,Xm,Gs 

27 

R.  E 


SEF 

Macro  Micro  Statua _ CODE 


12 

22 

ii 

01 

02 

11 

12 

Tl,Ar,Zt,Ca 

rt 

II 

12 

01 

02 

04 

11 

12 

Tl ,Ar ,Zt ,Ca  ,1m 

ti 

It 

13 

01 

02 

04 

11 

Tl,Ar ,Ca,Im 

H 

H 

14 

01 

02 

04 

11 

Tl,Ar,C«,Im 

12 

23 

11 

01 

02 

wa¬ 

12 

Tl.Ar ,Zt,Ca 

If 

II 

12 

01 

02 

ll 

12 

71,Ar,Zt,Ca 

ft 

It 

13 

01 

02 

ii 

Tl,Ar,Cs 

II 

11 

14 

01 

02 

n 

Tl,Ar ,Ca 

12 

24 

11 

01 

02 

09 

12 

Ar ,Zt ,Ca ,Tc 

II 

II 

12 

01 

02 

09 

12 

Ar ,Zt ,Ca ,Tc 

II 

11 

13 

01 

02 

09 

Ar ,Ca,Tc 

II 

It 

14 

01 

02 

09 

Ar ,Ca,Tc 

12 

31 

11 

Not 

Applicabla 

13 

11 

11 

02 

11 

12 

Tl,Zt,C» 

II 

it 

12 

02 

04 

06 

11 

12 

Tl.Zt.Ca, Im.Pta 

II 

it 

13 

02 

04 

11 

Tl,Ca,Im 

II 

n 

14 

'  -02 

04 

11 

Tl.Ca.Im 

13 

12 

11 

02 

11 

12 

Tl,Zt,Ca 

II 

tt 

12 

02 

04 

11 

12 

Tl ,Zt ,Ca ,1m 

It 

it 

13 

02 

04 

11 

Tl.Ca.In 

It 

ii 

14 

02 

04 

11 

71,08,110 

13 

13 

11 

02 

11 

Tl,$jt,Ca 

II 

it 

12 

02 

11 

12 

Tl,2t,Ca 

11 

it 

13 

02 

11 

71, Ca 

It 

it 

14 

02 

11 

71, Ca 

13 

14 

11 

02 

12 

Ca,Zt 

II 

it 

12 

02 

12 

Ca,Zt 

II 

ii 

13 

02 

Ca 

II 

it 

14 

02 

Ca 

13 

21 

11 

01 

02 

11 

12 

71,Zt,Ar,Ca 

II 

it 

12 

01 

02 

04 

11 

12 

Tl.Zt.Ar ,Ca,Im 

II 

it 

13 

01 

02 

04 

11 

71,Ar,Ca,Im 

It 

it 

14 

01 

02 

04 

11 

71  ,Ar ,Ca ,1m 

13 

22 

11 

01 

02 

11 

12 

71,Zt,Ar ,Ca 

II 

it 

12 

01 

02 

04 

11 

12 

71  ,Zt ,Ar ,Ca ,1m 

II 

ii 

13 

01 

02 

04 

11 

Tl.Ar ,Ca, In 

II 

n 

14 

01 

02 

04 

11 

Tl,Ar,Ca,In 

28 


R.  E. _ 


Macro 

Micro 

Staiua 

CODE 

12 

22 

11 

01 

02 

11 

12 

Tl,Ar,Zt,Cs 

II 

It 

12 

01 

02 

04 

11 

12 

Tl.Ar .Zt.Ca.Im 

II 

II 

13 

01 

02 

04 

11 

Tl,Ar ,Ca,Im 

II 

II 

14 

01 

02 

04 

11 

Tl,Ar,Ca,Im 

12 

23 

11 

01 

02 

11 

12 

Tl.Ar ,Zt,Ca 

If 

II 

12 

01 

02 

11 

12 

Tl.Ar ,Zt,Cs 

It 

II 

13 

01 

02 

11 

Tl,Ar  ,Cs 

If 

•  1 

14 

01 

02 

11 

Tl.Ar ,Ca 

12 

24 

11 

01 

02 

09 

12 

Ar ,Zt  ,Ca ,Tc 

H 

M 

12 

01 

02 

09 

12 

Ar,Zt,Ca,Tc 

II 

♦1 

13 

01 

02 

09 

Ar ,Ce,Tc 

It 

II 

14 

01 

02 

09 

Ar ,Ca,Tc 

12 

31 

11 

Not 

Applicable 

13 

11 

11 

02 

11 

12 

T1 ,Zt  ,Ca 

II 

II 

12 

02 

04 

06 

11 

12 

T1 ,Zt ,Ca ,Im,Fh 

II 

II 

13 

02 

04 

11 

Tl,Ca,Im 

II 

II 

14 

02 

04 

11 

Tl.Ca.Im 

13 

12 

11 

02 

11 

12 

Tl,Zt,Ca 

II 

II 

12 

02 

04 

11 

12 

Xl,Zt,Cs,Im 

II 

II 

13 

02 

04 

11 

Tl,Ca,Ia 

It 

It 

14 

02 

04 

11 

Tl.Ca.Im 

13 

13 

11 

02 

11 

1 

Tl.Zt.Ca 

II 

II 

12 

02 

11 

12 

Tl.Zt.Ca 

It 

•1 

13 

02 

11 

Tl.Ca 

II 

II 

14 

02 

11 

Tl,Ca 

13 

14 

11 

02 

12 

Ca.Zt 

II 

II 

12 

02 

12 

Ca,Zt 

II 

II 

13 

02 

Ca 

It 

II 

14 

02 

Ca 

13 

21 

11 

01 

02 

11 

12 

T1 ,ZC ,Ar ,Ca 

II 

II 

12 

01 

02 

04 

11 

12 

Tl,Zt,Ar ,Ca,Im 

II 

•1 

13 

01 

02 

04 

11 

Tl,Ar ,Ca,I* 

II 

II 

14 

01 

02 

04 

11 

T1 ,Ar .Ca.Im 

13 

22 

11 

01 

02 

11 

12 

Tl.Zt.Ar ,Ca 

II 

II 

12 

01 

02 

04 

11 

12 

Tl.Zt.Ar.Ca.Ia 

II 

II 

13 

01 

02 

04 

11 

Tl.Ar , Ca.Im 

II 

II 

14 

01 

02 

04 

11 

Tl.Ar ,Ca,I« 
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R.  E 


SEF 


Macro 

Micro 

Status 

CODE 

13 

23 

11 

01 

02 

11 

12 

Tl»Cs,Zt,Ar 

tl 

It 

12 

01 

02 

11 

12 

TlsCs»ZtsAr 

•• 

II 

13 

01 

02 

11 

T1SC# ,Ar 

II 

•  1 

14 

01 

02 

11 

TlsCs,Ar 

13 

24 

11 

01 

02 

09 

12 

Cs»Ar3Zt,Tc 

II 

II 

12 

01 

02 

09 

12 

Cs,Ar»Zt»Tc 

II 

II 

13 

01 

02 

09 

ArsCssTc 

It 

II 

14 

01 

02 

09 

Ar  „Cs  sTc 

13 

31 

11 

01 

02 

11 

12 

Same  as 

OB 

It 

12 

01 

02 

04 

11 

12 

13211X 

II 

II 

13 

01 

02 

04 

11 

II 

It 

14 

01 

02 

04 

11 

13 

32 

11 

01 

02 

11 

12 

Same  as 

i» 

M 

12 

01 

02 

04 

11 

12 

13221X 

t» 

II 

13 

01 

02 

04 

11 

n 

11 

14 

01 

02 

04 

11 

13 

33 

11 

01 

02 

11 

12 

Sams  as 

it 

II 

12 

01 

02 

11 

12 

13231X 

ii 

It 

13 

01 

02 

11 

it 

II 

14 

01 

02 

11 

13 

34 

11 

01 

02 

09 

12 

Same  as 

it 

01 

12 

01 

02 

09 

12 

1324 IX 

i» 

11 

13 

01 

02 

09 

to 

It 

14 

01 

02 

09 

13 

4X 

IX 

Not 

Applicab 1® 

20 

41 

11 

01 

05 

07 

09 

11 

Tl  sTcsAr  9PCs,Pl 

81 

it 

12 

01 

05 

07 

09 

11 

Tl,TctAraFcl)FL 

It 

it 

13 

01 

05 

07 

09 

11 

Tl»TcsAr9Pc,Fl 

06 

ii 

14 

01 

05 

07 

09 

11 

TloTCsjArsPc,?! 

20 

42 

11 

01 

09 

11 

AtsTlsTe 

60 

it 

12 

01 

09 

11 

AifjTljTc 

II 

it 

13 

01 

09 

11 

Aar9Tl  sTc 

II 

ii 

14 

01 

09 

11 

Ar„Tl  s,Tc 

20 

43 

11 

01 

05 

07 

Ar  8Pls,Pc 

ii 

it 

12 

01 

05 

07 

Ar  jPljPc 

it 

ii 

13 

01 

05 

07 

Ar ,Pl,Pc 

10 

it 

14 

01 

05 

07 

Ar  jPljPc 

29 


R.  E. 

SEF 

Macro 

Micro 

Status 

CODE 

20 

44 

11 

01 

Ar 

II 

It 

12 

01 

Ar 

II 

II 

13 

01 

Ar 

II 

II 

14 

01 

Ar 

21 

IX 

IX 

- 

None  (Def) 

21 

21 

11 

01 

03 

Ar.Fd 

II 

II 

12 

01 

03 

Ar.Fd 

If 

II 

13 

01 

Ar 

II 

II 

14 

01 

Ar 

21 

22 

11 

01 

03 

12 

Ar,Fd,Zt 

II 

II 

12 

01 

04 

12 

Ar ,Im,Zt 

II 

II 

13 

01 

04 

Ar  ,1a 

II 

II 

14 

01 

04 

Ar.la 

21 

23 

11 

01 

12 

Ar  ,Zt 

II 

It 

12 

01 

12 

Ar  ,Zt 

ii  w 

II 

13 

01 

Ar 

II 

It 

14 

01 

Ar 

21 

24 

11 

01 

Ar 

10 

II 

12 

01 

Ar 

II 

II 

13 

01 

Ar 

M 

II 

14 

1<01 

Ar 

21 

3X 

IX 

Not 

Applicable 

21 

4X 

IX 

Not  , 

Applicable 

22 

11 

11 

;03 

09 

10 

Th.Tc.Fd 

•i 

ii 

12 

03 

04 

08 

10 

Th,Ri ,Im,Fd 

VI 

it 

13 

03 

04 

08 

10 

Th.Ri ,Im,Fd 

II 

it 

14 

03 

04 

08 

10 

Th.Ri, la, Fd 

22 

12 

11 

10 

Th 

ii 

ii 

12 

04 

10 

1 

Th.Ia 

ii 

ii 

13 

04 

10 

Th.Ia  * 

ii 

n 

14 

04 

10 

Th.Ia 

22 

13 

11 

10 

Th 

ii 

it 

12 

10 

Th 

it 

n 

13 

10 

Th 

n 

it 

14 

10 

Th 

22 

14 

11 

- 

- 

IV 

ii 

12 

■» 

- 

II 

it 

13 

- 

- 

II 

ii 

14 

- 

- 

30 


R.  E. 

SIF 

Macro 

Micro 

Status 

CODE 

22 

21 

11 

01 

09 

10 

Th,Tc„Ar 

*» 

II 

12 

01 

04 

08 

10 

Ar ,Im,Ri,Th 

It 

II 

13 

01 

04 

08 

10 

Ar »Im,Ri ,Tfe 

fl 

II 

14 

01 

04 

08 

10 

Ar  .InisRijTh 

22 

22 

11 

01 

09 

10 

Th,Tc»Ar 

It 

II 

12 

01 

04 

10 

ThsXm,Ar 

II 

II 

13 

01 

04 

10 

Th.Im.Ar 

II 

II 

14 

01 

04 

10 

TtesIm,Ar 

22 

23 

11 

01 

10 

ThsAr 

H 

II 

12 

01 

10 

XhsAr 

II 

II 

13 

01 

10 

Th,Ar 

II 

II 

14 

01 

10 

ThsAr 

22 

24 

11 

01 

Ar 

•  1 

It 

12 

01 

n 

II 

II 

13 

01 

11 

II 

II 

14 

01 

It 

22 

3X 

IX 

Mot  , 

Applicable 

22 

41 

IX 

n 

Applicate!® 

23 

11 

11 

03 

10 

11 

Th,TlsFd 

II 

it 

12 

03 

04 

08 

10  11 

Ths,Tl,Xm!,RislFd 

II 

ii 

13 

03 

04 

08 

10  11 

Xh,Tls,Ia„Ri,Fd 

II 

ii 

14 

03 

04 

08 

10  11 

Th»Tl»lB,Rl»Fd 

23 

12 

11 

10 

11*- 

TfajTl 

II 

n 

12 

04 

11 

11 ,1a 

It 

ii 

13 

04 

11 

Tl.Im 

II 

n 

14 

04 

11 

Tl,lm 

23 

13 

11 

11 

Tl 

If 

ii 

12 

11 

Tl 

»r 

it 

13 

11 

Tl 

it 

ii 

14 

11 

Tl 

23 

14 

11 

It 

ii 

12 

= 

m 

It 

it 

13 

- 

II 

ii 

14 

- 

- 

23 

21 

11 

01 

10 

11 

Th,Tl0Ar 

II 

ii 

12 

01 

04 

08 

11 

TlpAr8Ri,Ia 

II 

ii 

13 

01 

04 

08 

11 

TlsAr»Ri8I« 

II 

ii 

14 

01 

04 

08 

11 

Tl,Ar jRijIa 

31 


R.  E. _ SEP 


Macro 

Micro 

Status 

CODE 

23 

22 

11 

01 

11 

Te.Ar 

»» 

M 

12 

01 

04 

11 

"  ,1* 

H 

It 

13 

01 

04 

11 

n  n 

It 

If 

14 

01 

04 

11 

It  w 

23 

23 

11 

01 

11 

T«,Ar 

II 

II 

12 

01 

11 

It 

t« 

II 

13 

01 

11 

II 

19 

11 

14 

01 

11 

ft 

23 

24 

11 

01 

Ar 

It 

It 

12 

01 

II 

II 

n 

13 

01 

•I 

N 

M 

14 

01 

It 

24 

11 

11 

02 

Cs 

II 

It 

12 

02 

08 

Ca.Ri 

It 

II 

13 

02 

08 

Ca,Ri 

It 

It 

14 

02 

08 

Ca.Ri 

24 

12 

11 

02 

Ca 

!* 

n 

12 

02 

II 

II 

fi 

13 

02 

It 

tl 

it 

14 

02 

II 

24 

13 

11 

02 

Ca 

II 

It 

12 

02 

II 

•1 

II 

13 

02 

II 

•I 

II 

14 

02 

H 

24 

14 

11 

02 

Ca 

*1 

It 

12 

02 

n 

II 

tl 

13 

02 

tl 

II 

II 

14 

02 

n 

24 

21 

11 

01 

02 

Ar.Ca 

II 

II 

12 

01 

02 

08 

"  "  ,  Ri 

II 

w 

13 

01 

02 

08 

II  II  It 

n 

It 

14 

01 

02 

08 

it  n 

24 

22 

11 

01 

02 

Ar.Cs 

It 

It 

12 

01 

02 

It 

II 

It 

13 

01 

02 

It 

II 

II 

14 

01 

02 

•1 

24 

23 

11 

01 

02 

Ar.Ca 

It 

II 

12 

01 

02 

«l 

It 

13 

01 

02 

II 

It 

14 

01 

02 

32 


_ R.  E. _ SEF 

Macro _ Micro _ Status _ CODE 


24 

24 

ii 

01 

02 

Cs 

,Ar 

91 

It 

12 

01 

02 

it 

10 

It 

13 

01 

02 

ii 

>1 

11 

14 

01 

02 

ii 

24 

31 

11 

01 

02 

Cs 

,Ar 

IQ 

tt 

12 

01 

02 

08 

it 

&  Ri 

tt 

II 

13 

01 

02 

08 

it 

tf 

l» 

tl 

14 

01 

02 

08 

it 

it 

24 

32 

11 

01 

02 

Os 

,Ar 

it 

tt 

12 

01 

02 

it 

tt 

It 

13 

01 

02 

tt 

it 

tt 

14 

01 

02 

tt 

24 

33 

11 

01 

02 

Cs 

,Ar 

i« 

tt 

12 

01 

02 

It 

ti 

tt 

13 

01 

02 

n 

♦i 

tl 

14 

01 

02 

IB 

24 

34 

11 

01 

02 

Cs 

,Ar 

IQ 

it 

12 

01 

02 

it 

to 

tt 

13 

01 

02 

it 

tt 

it 

14 

01 

02 

tt 

24 

4X 

IX 

Not 

Applicable 

30 

41 

11 

01 

05 

07 

09 

11 

Tl 

»Ar, 

>Pc,Te 

t« 

tt 

12 

01 

05 

07 

09 

11 

?! 

t»  it 

n 

it 

n 

13 

01 

05 

07 

09 

11 

tf 

9Q  It 

an 

IQ 

•t 

14 

01 

05 

07 

09 

11 

13 

It  It 

IB 

30 

42 

11 

01 

09 

11 

Tl 

,As, 

IQ 

n 

12 

01 

09 

11 

«» 

tl 

n 

IQ 

tt 

13 

01 

09- 

11 

i* 

It 

ts 

IQ 

tt 

14 

01 

09 

11 

tt 

tt 

tt 

30 

43 

11 

01 

05 

07 

Ar 

jP(£  i 

,pi 

n 

n 

12 

01 

05 

07 

tt 

ft 

it 

13 

it 

13 

01 

05 

07 

to 

tt 

tt 

IS 

tt 

14 

01 

05 

07 

w 

tt 

te 

30 

44 

11 

01 

Ar 

»« 

it 

12 

01 

tt 

19 

n 

13 

01 

tu 

It 

tt 

14 

01 

it 

33 


R.  E. _ SEF 


Macro 

Micro 

Status 

CODE 

31 

11 

11 

03 

10 

Tb.Fd 

II 

If 

12 

03 

04 

08 

10 

Th,Rl,Ia,Fd 

II 

II 

13 

03 

04 

08 

10 

"  n  '»  ,Fd 

W 

II 

14 

03 

04 

08 

10 

"  “  "  ,Fd 

31 

12 

11 

10 

“ 

Th 

II 

II 

12 

04 

10 

ft,  im 

It 

•1 

13 

04 

10 

It  It 

11 

II 

14 

04 

10 

it  n 

31 

13 

11 

10 

Th 

»t 

II 

12 

10 

Th 

It 

•1 

13 

10 

fh 

II 

II 

14 

10 

Th 

31 

14 

11 

_ 

_ 

It 

tt 

12 

- 

m 

II 

•• 

13 

m 

- 

»« 

IV 

14 

- 

- 

31 

21 

11 

01 

10 

Th,Ar 

n 

•i 

12 

01 

04 

08 

10 

Th,Ar ,Ri,Im 

•i 

n 

13 

01 

04 

08 

10 

tt  It  II  II 

n 

w 

14 

01 

04 

08 

10 

it  if  it  n 

31 

22 

11 

01 

10 

Th,Ar 

•1 

•i 

12 

01 

04 

10 

Th,Ar ,1m 

It 

H 

13 

01 

04 

10 

tt  it  t« 

’ll 

•I 

14 

01 

04 

10 

ii  it  »• 

31 

23 

11 

01 

10 

Th,Ar 

i« 

ii 

12 

01 

10 

ti 

'ii 

ti 

13 

01 

10 

ii 

ti 

tt 

14 

01 

10 

ti 

31 

24 

11 

01 

Ar 

ii 

•t 

12 

01 

ti 

it 

ii 

13 

01 

ti 

t» 

ii 

14 

01 

ti 

31 

3X 

12 

Not 

Applicable 

31 

4X 

IX 

Not 

Applicable 

32 

11 

11 

03 

09 

10 

Th,Tc,Fd 

it 

ii 

12 

03 

04 

08 

09  10 

Ri,Th,Tc,Fd, 

i« 

ii 

13 

03 

04 

08 

09  10 

Ri ,Th,Tc,Fd, 

n 

ti 

14 

03 

04 

08 

09  10 

Ri ,Th,Tc ,Fd, 

34 


R.  E 


SEF 


Macro 

Micro 

Status 

CODE 

32 

12 

11 

03 

09 

10 

Th.Tc.Fd 

U 

tl 

12 

03 

04 

09 

10 

Th,Tc,Fd,Im 

*0 

tl 

13 

03 

04 

09 

10 

Th,Tc ;Fd,Im 

It 

IV 

14 

03 

04 

09 

10 

Tta,Tc,Fd,I» 

32 

13 

11 

09 

10 

Th.Tc 

te 

II 

12 

09 

10 

tv 

II 

13 

09 

10 

tv 

II 

14 

09 

10 

32 

14 

11 

m 

■i 

tv 

II 

12 

m 

- 

tv 

It 

13 

m 

• 

IV 

II 

14 

- 

m 

32 

21 

11 

01 

09 

10 

Ti»>Tc  ,Ar 

n 

11 

12 

01 

04 

08 

09 

10 

Xh,Tc,ArpRi,Im 

ii 

II 

13 

01 

04 

08 

09 

10 

n  ii  ii  ii  ii 

M 

tv 

14 

01 

04 

08 

09 

10 

II  II  IV  II  IV 

32 

22 

11 

01 

10 

Th.Ar 

ii 

II 

12 

01 

04 

10 

Th,ArsIm 

•V 

VV 

13 

01 

04 

10 

IV  II  II 

IV 

IV 

14 

01 

04 

10 

N  ft  II 

32 

23 

11 

01 

10 

Th,Ar 

tv 

If 

12 

01 

10 

it 

IV 

H 

13 

01 

10 

m 

•V 

II 

14 

01 

10 

it 

32 

24 

11 

01 

Ar 

tv 

II 

12 

01 

tt 

tt 

It 

13 

01 

it 

tv 

It 

14 

01 

32 

3X 

IX 

Not 

Applicable 

32 

4X 

IX 

Not 

Applicable 

33 

11 

11 

02 

03 

10 

Th ,Fd,Cs 

tv 

w 

12 

02 

03 

04 

08 

10 

"  n  &  Im  6t  Ei 

IV 

It 

13 

02 

03 

04 

08 

10 

N  I.I.'  11  *0 

»• 

II 

14 

02 

03 

04 

08 

10 

1*  11  It  M 

33 

12 

11 

02 

03 

10 

Th,Cs,Fd 

i« 

tt 

12 

02 

03 

04 

10 

"  M  &  Im,Fd 

it 

IV 

13 

02 

03 

04 

10 

ii  ii  ii 

tv 

ft 

14 

02 

03 

04 

10 

it  it  it 

35 


R.  E. _ SEF 


Macro 

Micro 

Status 

CODE 

33 

13 

11 

02 

10 

Th,Ca 

(1 

It 

12 

02 

10 

M  W 

II 

It 

13 

02 

10 

it  tl 

(1 

II 

14 

02 

10 

It  M 

33 

14 

11 

02 

Ca 

t# 

•I 

12 

02 

ft 

tt 

It 

13 

02 

tl 

»t 

II 

14 

02 

ft 

33 

21 

11 

01 

02 

10 

Th,Cs,Ar, 

tl 

It 

12 

01 

02 

04 

08 

10 

Th,Cs ,Ar ,1m  ,Ri 

n 

H 

13 

01 

02 

04 

08 

10 

■»  II  »•  It  It 

it 

It 

14 

01 

02 

04 

08 

10 

H  „  n  „  it 

33 

22 

11 

01 

02 

10 

Th,C8,Ar 

II 

tt 

12 

01 

02 

04 

10 

"  "  "  ,1m 

II 

It 

13 

01 

02 

04 

10 

ft  It  tl  tt 

It 

ft 

14 

01 

02 

04 

10 

tl  It  ft  ft 

33 

23 

11 

01 

02 

10 

Th,Cs,Ar 

It 

It 

12 

01 

02 

10 

n  it  ii 

II 

II 

13 

01 

02 

10 

It  It  It 

tl 

>1 

14 

01 

02 

10 

It  II  II 

33 

24 

11 

01 

02 

Ca.Ar 

II 

It 

12 

01 

02 

•i  n 

II 

II 

13 

01 

02 

It  II 

11 

II 

14 

01 

02 

II  II 

33 

3X 

IX 

Not 

Applicable 

33 

4X 

IX 

Not 

Applicable 

34 

11 

11 

02 

03 

10 

%,C8  ,Fd  ,1m 

ft 

tl 

12 

02 

03 

04 

08 

10 

Th,Cs,Ri,I«,Fd 

II 

It 

13 

02 

03 

04 

08 

10 

II  II  It  It  H 

II 

It 

14 

02 

03 

04 

08 

10 

VV  tl  tl  II  |t 

34 

12 

11 

02 

03 

10 

Th,Cs,7d 

II 

It 

12 

02 

03 

04 

10 

Th.Cs.Fd.Im 

II 

It 

13 

02 

03 

04 

10 

Th,Ca,Ed,ili  , 

It 

tl 

14 

02 

03 

04 

10 

Th,Cs,Fd,In 

34 

13 

11 

02 

10 

Th.C# 

It 

»• 

12 

02 

10 

Th.Ca 

ft 

II 

13 

02 

10 

Th,Cs  . 

It 

II 

14 

02 

10 

Th.Cs 

36 


R.  £. 

SEF 

Macro 

Micro 

Status 

CODE 

34 

14 

11 

02 

C8 

M 

ta 

12 

02 

tt 

99 

to 

12 

02 

to 

It 

it 

14 

02 

19 

34 

21 

11 

01 

02 

10 

Ar ,  Th,Cs 

99 

it 

12 

01 

02 

04 

08 

10 

"  18  88  ,Ri,Ia 

19 

19 

13 

01 

02 

04 

08 

10 

*0  60  39  90 

99 

19 

14 

01 

02 

04 

08 

10 

11  9?  {«  t« 

34 

22 

11 

01 

02 

IQ 

Ar ,ThsCs 

19 

it 

12 

01 

02 

04 

10 

"  "  **  Jm 

II 

M 

13 

01 

02 

04 

10 

IT  19  16  51] 

•9 

tt 

14 

01 

02 

04 

10 

to  ti  96  te 

34 

23 

11 

01 

02 

10 

Ar  ,Th,Cs 

tt 

ta 

12 

01 

02 

10 

II 

It 

it 

13 

01 

02 

10 

It 

It 

n 

14 

01 

02 

10 

It 

34 

24 

11 

01 

02 

AtjCs 

»i 

18 

12 

01 

02 

ii 

It 

13 

01 

02 

it 

It 

14 

01 

02 

34 

31 

11 

01 

02 

10 

Ar,Th ,Cs 

t« 

it 

12 

01 

02 

04 

08 

10 

"  11  ,f  »Ri  jXra 

it 

it 

13 

01 

02 

04 

08 

10 

•1  It  13  BO  II 

ct 

it 

14 

01 

02 

04 

08 

10 

•I  II  13  *6  98 

34 

32 

11 

01 

02 

10 

Ar,Th 

01 

•0 

12 

01 

02 

04 

10 

11  &  Xm 

19 

It 

13 

01 

02 

04 

10 

II  68 

69 

ft 

14 

01 

02 

04 

10 

II  It 

34 

33 

11 

01 

02 

10 

Ar,Th,Cs 

it 

it 

12 

01 

02 

10 

ft 

h 

90 

13 

01 

02 

10 

'll 

to 

tl 

14 

01 

02 

10 

(1 

34 

34 

11 

01 

02 

Ar  ,Cs 

99 

w 

12 

01 

02 

it 

it 

13 

01 

02 

tt 

tt 

14 

01 

02 

34 

4X 

IX 

Not  Applicable 

37 


APPENDIX  4 


Contains  entries  relating  2 -SEP,  1-SUP,  and  their  effects.  Each 
entry  is  an  8-dlgit  decimal  number,  according  to  the  following  code: 

1st  2  digits  -  1st  SEP) 

2nd  2  digits  -  2nd  SEE) 

3rd  2  digits  -  SUP  ) 

4th  2  digits  -  Effects) 

Example: 

Th  and  Xm  have  ID  effect  on  ST&  state. 


Coded  -  04 

10 

07 

03 

Im 

Th 

STR 

ID 

Note:  Lowest  numbered  SEF  must  be  placed  first,  as  below  -  not 

10040703,  which  is  not  included  in  the  table.  (Arrangement 
of  symbols  is  alphabetic). 


SEF  ' 

CODE 

Ar 

01. 

Cs 

02 

Fd 

03 

Im 

04 

Tc 

05 

Ph 

06 

07 

Ri 

08 

Ic 

09 

Th 

10 

11 

Zt 

12 

SUP 

CODE 

CHEM 

01 . 

CLN 

02 

ELAS 

03 

EM 

04 

RHEO 

05 

STN 

06 

STR 

07 

THER 

08 

EFFECT 

CODE 

o_  . 

01. 

I2 

02 

xs 

03 

04 

38 


SEF-SUP-2FF  TO  DIGITAL  REPRESENTATION 


SZYi 

sef2 

SUP 

EFF 

DIGITAL 

REPRESENTATION 

Ar 

Ar 

CHEM 

0 

01 

01 

01 

01 

tt 

n 

cm 

0 

01 

01 

02 

01 

it 

it 

ELAS 

0 

01 

01 

03 

01 

tt 

it 

EM 

0 

01 

01 

04 

01 

tt 

it 

RHEO 

0 

01 

01 

05 

01 

n 

tt 

STN 

0 

01 

01 

06 

01 

it 

tt 

SIR 

0 

01 

01 

07 

01 

tt 

tt 

THER 

0 

01 

01 

08 

01 

Ar 

Cs 

CHEM 

0 

01 

02 

01 

01 

t« 

M 

CLN 

0 

11 
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APPENDIX  5 


VIBRATION  AND  LOW  TEMPERATURE  TEST  #2 
Synchro  Type  23TX6 
23  Oct  1962 


Double  Amplitude 

0.141  Inches 

Variable  Frequency 

5-60-5  cps 

Scanning  Time 

1  Minute 

Direction  of  Vibration 

Vertical 

Time  Duration 

6  Hours 

Temperature 

(Air) 

-40°F 

Current  Drawn 

Synchro 

Synchro  Temperature°F 

Air  Temp  °F 

Time 

#2 

#4 

#2 

#4 

°F 

*1000 

•23  Amps 

.26  .Amps 

90°F 

91°F 

69°F 

1010 

.23 

.26 

90°F 

91°.  . 

60°F 

1015 

.22 

.255 

76° 

71° 

20°F 

1020 

.22 

.25 

46° 

34° 

-25°F 

1025 

.22 

.25 

25° 

18° 

-39°F 

1030 

.22 

.26 

11° 

4® 

-46°F 

1035 

.22 

.26 

5° 

-3® 

-49°F  . 

1040 

.22 

.26 

0° 

-1° 

-36°F 

1045 

.22 

.26 

-3° 

-2® 

-34°F 

1055 

•22-. 29 

.26 

-2° 

-3® 

-38°F 

1105 

.23 

.26 

-3° 

„3© 

-36°F 

1200 

.23 

.265 

-9° 

-8° 

-36°F 

1300 

.23 

.26 

-10° 

-9° 

-4o°F 

1400 

.23 

.26 

-10° 

-90 

-41°F 

1500 

.23 

.26 

-7° 

-6° 

-36°F 

1610 

.23 

.26 

-13° 

-13° 

-36°F 

24  Oct 

1962 

**0915  .23  .26 


84°F  86°F 


*  Before  Test 
**  After  Test 
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APPENDIX  6 


ALTITUDE  AND  LOW  TEMPERATURE  TEST 
Synchro  Type  23TX6 
17  Aug  1962 


Altitude 

10,000 

ft 

• 

Temperature 

-65°F 

Time  Duration 

8  Houra 

Time 

Current 

Drawn  - 

MA 

Synchro  Temperature 

°F 

#1 

*2 

#3 

#1 

#2 

#3 

815 

60  ma 

76  ma 

75  ma 

54 

54 

54 

820 

61  ma 

79  ma 

76.5  ma 

44 

44 

44 

830 

64  ma 

82  ma 

79  ma 

24 

15 

15 

.840 

68  ma 

85  ma 

83  ma 

5 

- 

- 

845 

70  ma 

87  ma 

85  ma 

-4 

-5 

-5 

900 

75  ma 

93  ma 

89  ma 

-19 

-24 

-23 

.  915 

78  ma 

96  ma 

93  ma 

-35 

-38 

-37 

930 

80  ma 

99  ma 

95  ma 

-44 

-47 

-47 

945 

82  ma 

101  ma 

98  ma 

-51 

-54 

-53 

1000 

84  ma 

103  mk 

99  ma 

-54- 

-58 

-58 

1015 

85  ma 

104  ma 

100  ma 

-58 

-60 

-60 

1030 

85  ma 

106  ma 

100  ma 

-59 

-63 

-63 

1045 

86  ma 

106  ma 

100  ma 

-59 

-63 

-63 

*1100 

86  ma 

- 

100  ma 

- 

- 

m 

.1115 

86  ma 

106.5  ma  101  ma 

- 

m 

- 

1130 

86  ma 

106  ma 

101  ma 

- 

- 

- 

1145 

87  ma 

106  ma 

102  ma 

- 

- 

- 

1200 

87  ma 

106  ma 

102  ma 

- 

- 

m 

1300 

87  ma 

106  ma 

102  ma 

-59 

-63 

-63 

•1 

II 

II 

u 

it 

II 

II 

It 

II 

M 

it 

•1 

1630 

II 

II 

II 

It 

•i 

l« 

*  Changed  Temperature  Recorder 


Before  Teat 


Current  Drawn  MA 


o 

Room  Temp  74 


#1  #2  #3 

48  me  .  65  ma  63  ma 


After  Teat 
Room  Temp  72° 


#1  #2  #3 

50  ma  65  ma  63  ma 
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APPENDIX.  7 . 

HIGH  TEMPERATURE  AMD  HIGH  HUMIDITY  TEST  #1 
Synchro  Jyp«  23TX6 


Temperature  +125*? 
Humidity  951  RH 
Time  Duration  12  Days 


Date 


Current  Drawn  -  MA 


Synchro  Temperature  °F 


Synchro  No. 


#1 

#2 

Before  Test 

50  ma 

65  ma 

8/20/62  PM 

58-59.5 

59  ma 

8/21/62  AM 

58  ma 

66  ma 

8/21/62  PM 

59  ma 

67  ma 

8/22/62  AM 

60  ma 

68.8  ma 

8/22/62  PM 

61  ma 

68  ma 

8/23/62  AM 

61  ma 

68.8  ma 

8/23/62  PM 

61.5  ma 

68.8  ma 

8/24/62  AM 

61.5  ma 

69  ma 

8/24/62  PM 

61.5  ma 

69  ma 

8/27/62  AM 

61.5  ma 

68.8  ma 

8/27/62  PM 

61.5  ma 

68.8  ma 

8/28/62  AM 

61.5  ma 

68.8  ma 

8/28/62  PM 

61.5  ma 

68.8  ma 

8/29/62  AM 

62  ma 

69  ma 

8/29/62  PM 

62  ma 

69  ma 

8/30/62  AM 

62  ma 

69  ma 

8/30/62  PM 

62  ma 

69  ma 

8/31/62  AM 

62  ma 

69  ma 

8/31/62  PM 

62  ma 

69  ma 

After  Test 

58  ma 

66  ma 

Synchro  No. 


#3 

#1 

#2 

#3 

63  ma 

73°F 

73°F 

73°F 

57  ma 

124° 

125° 

124° 

63  ma 

125° 

124° 

125° 

65  ma 

125° 

126° 

125° 

67  ma 

125° 

126° 

125° 

66  ma 

125° 

126® 

125° 

67  ma 

125° 

125° 

125° 

67  ma 

125° 

125° 

125° 

68.2  ma 

125° 

125° 

125° 

68.2  ma 

125° 

125° 

125° 

68.2  ma 

126° 

126°  . 

126° 

68.2  ma 

126° 

126° 

126° 

67  ma 

126° 

126° 

126° 

67  ma 

125° 

125° 

125° 

68.2  ma 

125° 

126° 

125° 

68  ma 

125° 

126° 

125° 

68  ma 

126° 

126° 

125° 

68  ma 

126° 

126° 

125° 

68  ma 

126° 

125° 

125° 

68  ma 

120° 

120° 

119° 

65  ma 

75° 

75° 

75° 
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APPENDIX  8 


HIGH  TEMPERATURE  AND  HIGH  HUMIDITY  TEST  #2 
Synchro  Type  23TX6 

Temperature  +125°F 

Humidity  951  RH 

Time  Duration  5  Days 


Date  Time  ...  Current  Drawn  Synchro  Temperatures 

Synchros 


#2 

#4 

#2 

#4 

10/29/62 

820 

•26  Amps 

.305  Amps 

186°F 

100°  F 

tl 

830 

.255 

.30 

121° 

120° 

840 

.255 

.30 

126° 

132° 

•« 

850 

.25 

.30 

126° 

134° 

II 

900 

.25 

.30 

126° 

136® 

It 

910 

.25 

.295 

128° 

138° 

« 

920 

.25 

.295 

128° 

139° 

It 

930 

.25 

.30 

128° 

139° 

•« 

940 

.25 

.30 

128° 

140® 

1000 

.25 

.295 

129° 

141® 

It 

1100 

.25 

.30 

129° 

142® 

II 

1200 

.25 

.30 

129° 

144® 

It 

1300 

.25 

.30 

129° 

144° 

It 

1500 

.26 

.30 

m°’ 

140° 

It 

1600 

.255 

.30 

128° 

141° 

10/30/62 

827 

.26 

.30 

126° 

135° 

tt 

930 

.26 

.30 

127° 

137° 

II 

1030 

.26 

.30 

127° 

138° 

It 

1130 

.26 

.30 

127° 

137® 

It 

1230 

.26 

.305 

126° 

136° 

II 

1330 

.26 

.305 

127° 

137° 

If 

1430 

.255 

.30 

127° 

138° 

tt 

1530 

.26 

.30 

127° 

137° 

tt 

1625 

.26 

.30 

128° 

138° 

10/31/62 

$30 

.255 

.305 

126° 

134° 

tt 

930 

.26 

...30 

127° 

136° 

It 

1130 

.26 

.30 

127° 

136° 

ft 

*1230 

.26 

0-.32 

127° 

136° 

tt 

-1345 

.26 

.30 

128° 

140° 

tt 

*1430 

.26 

0-.33 

127° 

137° 

tt 

1530 

.26 

.30 

127° 

137° 

It 

1630 

.255 

.305 

126° 

136° 
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Date 

Time 

Current 

Drawn 

Synchros 

Synchro  Temperatures 

#2 

#4 

#2 

#4 

11/1/62 

*  830 

.25  Amp* 

0-.3Q  Amps 

127°F 

136°F 

*» 

.  940 

.25 

.30 

128° 

140° 

*  1030 

.25 

0-.30 

127° 

138° 

N 

1130 

.255 

,305 

127° 

138° 

II 

1230 

.255 

.305 

127° 

138° 

II 

1330 

.255 

.30 

127° 

137° 

rt 

1430 

,25 

.30 

127° 

137° 

t« 

1530 

.255 

.30 

129° 

138° 

ft 

1625 

.255 

.30 

129° 

138° 

11/2/62 

845 

.255 

.30 

128° 

139° 

It 

930 

.25 

.30 

128° 

139° 

It 

1130 

.255 

.305 

127° 

137® 

II 

1230 

.255 

.305 

128° 

139® 

It 

1330 

.25 

.30 

127° 

137° 

It 

1430 

.25 

.30 

127° 

137° 

It 

1530 

.25/ 

.30 

128° 

138° 

It 

1615 

,25 

.30 

128° 

139° 

11/5/62 

830 

.26 

.29 

83.5° 

98° 

Air  Temperature  78°F 


*  Synchro  No.  4  appear!  to  be  stopping  and  starting. 
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SYNCHRO,  TRANSMITTER  23TX6 

IIS  VOLTS  60  CYCLES 

FEDERAL  STOCK  NO. 

PART  /VO  76743S4  SCR /A L  NO. 

/NSPECTED  CONTRACT  NO. 


as. 


figure  2.  Synchro,  Transmitter  Type  23TX6  —  sectioned  view 
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Figure  7.  Electrical  Setup  --  Vibration  and.  Low  Temperature  Test  No 
High  Temperature  and  High  Humidity  Test  No.  2. 


Current  vs.  Time  at  -40°F,  Double  Amplitude  O.l^l", 
Variable  Frequency  5-60-5  cps,  Vertical  Vibration,  Time 
Duration  -  6  Hrs. ,  Synchro  Type  23TX6 
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Figure  13.  High  Temperature  and  High  I-Iumidity  Test  No.  2 

Current  vs  Time,  125°!-'  -  95%  RH,  Synchro  Type  23TX6 
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